The nisin effect on thermal death of Alicyclobacillus acidoterrestris CRA 7152 spores in concentrated orange juice (64°Brix) was studied. Concentrations of 0, 50, 75 and 100 IU of nisin/ml juice, at 
INTRODUCTION
The pasteurization of acid fruit juices at temperatures between 85 and 95ºC kills non-sporeforming microorganisms such as yeasts, molds and some non-sporeforming bacteria.
However bacterial spores can survive and germinate on acid conditions (3) . Alicyclobacillus, a microorganism that causes "off-flavor" in fruit juice, became a new indicator of quality for these products. Is a non-pathogenic, thermoacidophilic, spore forming bacteria, which isolated and identified from forest soil as well as from several fruit juices pasteurized and contaminated (27) . Different D values for this microorganism mortality of spores of Bacillus cereus and A. acidoterrestris 
MATERIALS AND METHODS

Bacterial strain and culture medium
Alicyclobacillus acidoterrestris CRA 7152 strain and nisin were provided by Danisco Cultor. 
Spore suspension preparation
Initially the growth of viable Alicyclobacillus acidoterrestris cells was produced in 4 slant tubes containing Potato Dextrose Agar, pH 5.6 (PDA-Oxoid), incubated at 44ºC for 3 days. After that, the result of growth was collected from tubes by scraping the bottle with sterile glass rods using 5 ml sterile distilled water per tube. The suspension produced was transferred to a sterile screw caped tube (25x200 mm), and activated at 80ºC for 10 minutes, followed by fast cooling in ice bath until room temperature. A portion (0.1 ml)
of activated suspension was inoculated on each of 100 glass bottles (290 ml) containing 60.0 ml of solidified and slanted medium (AAM) (30). Those 100 inoculated bottles inoculated were incubated during 9 days at 45.0ºC. After 90% sporulation of the field confirmed by microscopic observation of spore stain, spore collection was carried out (14) . Collected spores were washed and resuspended in sterile distilled water after 3 centrifugations (12310g/15 min at 4ºC), followed by alternate washing. Lysozime at 0.3 mg/ml suspension was added after the first washing, after pH adjustment to 11 for disruption of vegetative cells (24) .
Spores suspension was stored at 4ºC in sterile distilled water until its use. Spores count was performed in K medium after thermal activation for 10 minutes at 80ºC, followed by pour plating. The inverted plates were incubated at 43ºC for 5 days. Concentration of spores suspension was 8x10 8 spores/ml.
Experimental design
Thermal death kinetics of A. acidoterrestris spores suspension in concentrate orange juice were carried out by sealed thermal-death-time (TDT) tube method according to Stumbo (24) . The thermal lag for each temperature was determined with a TDT tube holding 2 ml of concentrate orange juice and with a flexible tube T thermocouple duplex Omega TT-36 wire (Omega, Bridgeport, NJ).
Initially, different nisin concentrations were tested in order to determine the maximum concentration that spores/ml concentrated orange juice.
Each experiment was performed in duplicate and survivors spores were plate count in K medium, pH 3.7 with incubation at 43ºC for 3 to 5 days (26). Table 2 shows the effect nisin concentrations on D value at 95°C in concentrated juice (64 ºBrix). There was a fast decrease in resistance with the addition of 30 IU/ml, which only represents 4.04% of the resistance obtained in the control (0 IU/ml), and as the nisin concentration in the juice increased the decrease in the D value became apparent. This was more evident at concentrations up to 100 IU (26.22% of reduction in the D value), above this value (150 IU/ml) there was no significant difference of decrease in heat resistance compared to 100 IU/ml, indicating that the increase in the concentration did not improve the ratio of reduction.
RESULTS AND DISCUSSION
Determination of maximum nisin concentration
Komitopoulou et al. (11) , using the strain A. acidoterrestris Table 2 shows a tendency for fall in the D value, which was stabilized with approximately 100 IU/ml, a concentration larger than this would incur a larger cost without significant reduction in the D value.
According to Muriana (15) , in most bacteriocin applications the reduction of the bacterial target can be described as moderate; it is assumed that during the thermal treatment all cells are exposed the same temperature, however the macromolecular size of bacteriocins used in foods (4000 to 8000 Da) physically hinders the bond between molecules to obtain very positive effects. The relatively large size of bacteriocins and their protein character make them susceptible to biochemical reactions that implicate in collateral chains of amino acids or in hydrophobic interactions that can hinder the bonds with the microbial target. Thus, it is possible to assume that after a specific nisin concentration, its increase would hinder the "physical space"
of entrance of its molecule into the target microorganism, consequently reducing its inhibiting effect.
Thus, 100 IU/ml was chosen as maximum nisin concentration to be tested in the experiment.
Effect of temperature and nisin concentration on thermal death kinetics of A. acidoterrestris found similar results, with the A. acidoterrestris spore sensitivity being more pronounced at smaller temperatures.
However, Jeknic et al. (10) showed that there is alteration in nisin activity when it is exposed to high temperatures. 
Quadratic model verification
The model was verified by conducting 6 experiments under random combination of temperature and nisin concentration ( Table 5 ). All the experiments verified that the model was valid. Bias factor (1.02) indicated safe predictions and accuracy factor (1.15) showed deviation of only 15%.
Thus, the results of experiments 1, 2, 3 and 4 indicated that the model prediction "fail safe" and experiment 5 and 6
suggested a slight over prediction by this model. These experiments (Table 5) show that the use of nisin can help to reduction thermal resistance of Alicyclobacillus spores. The importance of the present research was to show that the incorporation of nisin into the juice during heating increased microorganism sensitivity resulting in an increase of lethality of the pasteurization. Considering that nisin is a non-toxic preservative (8, 9) 
